Abstract: Products of the myc gene family integrate extracellular signals by modulating a wide range of their targets involved in cellular biogenesis and metabolism; the purpose of this integration is to regulate cell death, proliferation, and differentiation. However, understanding the regulation of myc at the transcription level remains a challenge. We performed rapid amplification of dmyc cDNA ends (5′ RACE) and mapped the transcription start site at P1 promoter, 18 base pairs upstream of the start of the known EST GM01143 and within the 5′ UTR. Our data show that the first TATA box, previously computationally predicted, is utilized to generate dmyc full length mRNA. The largest transcript contains all three exons, generated after the removal of the introns by constitutively regulated splicing events. Further investigation of Downstream Promoter Element (DPE) was achieved by studying lacZ reporter activity; investigation revealed that this element and its upstream cluster of binding sites are required for the dmyc intron 2 activity. These findings may provide valuable tools for further analysis of dmyc cis-elements.
Introduction
The spatiotemporal distribution of the right amount of Myc during early stages of development is crucial for all aspects of normal cell growth, proliferation, and differentiation. [1] [2] [3] In terminally differentiated cells, Myc protein is nearly absent; in adults, myc expression is confined to cell proliferation in tissues and during regenerative processes. 4, 5 Deregulation of myc possesses high potential towards malignant transformation.
6-8 myc induces G1-S phase transition by upregulation of cyclin D1, 2, 3/CDK4, 6 as well as cyclin E/CDK2; 6, 9 repression of cell cycle inhibitors p15, p21, p27; and inactivation of retinoblastoma protein (RB). 8 Consequently, tight control of myc expression is required so that it can be activated or repressed rapidly and precisely whenever necessary. Unraveling the structure of the myc promoter provides valuable knowledge for understanding myc biology and its oncogenic behavior. 10, 11 The evolutionary conservation and structural similarity between human c-myc and fly dmyc makes it possible to study the myc promoter in Drosophila with the sole copy of the gene, dmyc. [12] [13] [14] In our previous study, we dissected non-coding regions of the dmyc gene and identified separable regulatory units responsible for its patterning during the early stages of Drosophila development. 14 We predicted three potential TATA regions for the P1 promoter within the 5′ UTR, namely, GC box1/TATA box1/Inr1, GC box2/TATA box2/Inr2, and GC box3/TATA box3/ Inr3. In our current study, 5′ RACE analysis of the dmyc cDNA end at the 5′ UTR region revealed that the P1 promoter initiates transcription from the GC box1/TATA box1/Inr1 region. Transcription initiation from the P1 promoter produces the dmyc full length mRNA. Analysis of the splice junctions revealed that the removal of the introns and joining of the exons is regulated by a constitutive splicing mechanism. 15, 16 The P-element P{lacW} in the dmyc-lacZ enhancer trap fly line, w 67c23 P{lacW}dm G0354 /FM7c, [17] [18] [19] was shown to be inserted within the TATA box1 sequences. The insertion of the P-element P{lacW} into the endogenous dmyc promoter 20 presumably disrupts transcription, engendering the stock with a lethal copy of the gene. This phenomenon is not unusual for random P-element mutagenesis. We have shown that the dmyc intron 2 full fragment and its truncation (missing the 2 kb upstream sequences) are active during development. 14 Here, we have dissected the intron 2 region into its cluster of binding sites and the 3′ end fragment containing the DPE element; we show that the dmyc large intron requires these two elements to express reporter lacZ in the larval brain and discs, in embryos, and in adult female ovaries. Our previous work and the study reported here covering upstream and downstream regulatory regions may serve as a foundation for deciphering of the cis-elements and trans-acting factors that bind to these elements and are likely to be important for dmyc regulation.
Materials and Methods
Generation of dmyc cDNA by rapid amplification of cDNA ends (RACE) RACE Ready cDNA was prepared using a Smarter™ RACE cDNA Amplification Kit (Cat. No. 634924, Clontech Laboratories, Inc.), and following the manufacturer's user manual (Protocol No. PT4096-1, Version No. 011312). We used adult Drosophila total poly(A + ) RNA (Clontech Laboratories, Inc.) for synthesis of dmyc cDNA. For the generation of positive control cDNA mouse heart total RNA was used. Total RNA (1 µg) was reverse transcribed into cDNA in a reaction volume of 10 µL using SMARTScribe reverse transcriptase and SMARTer IIA oligo. Polymerase chain reactions (PCR) of the dmyc and the positive control cDNAs were performed using Advantage ® 2 Polymerase Mix and the Universal Primer Mix (UPM) (Cat. No. 639201, Clontech Laboratories, Inc.). RACE PCR reactions were performed with UPM forward primer (recognizes the SMARTer IIA sequence at the 5′ end of the cDNA) and the gene specific primers GSP-C05, and GSP-C06 reverse primers (primers 17-19 in Supplemental Table 1 ). Thermal cycler for PCR 1 (see Results Section) was commenced using the following program for touchdown PCR: 5 cycles of initial denaturation at 94°C for 30 seconds, and annealing at 72°C for 3 minutes; 5 cycles of denaturation at 94°C for 30 seconds, annealing at 70°C for 30 seconds, and extension at 72°C for 3 minutes; and 25 cycles of denaturation at 94°C for 30 seconds, annealing at 68°C for 30 seconds, and extension at 72°C for 3 minutes. For the PCR 2 (see Results Section), the stringency of the reactions in the thermal cycler was increased by raising the annealing temperature in increments of 2 °C.
The amplification products were examined by running on 1.5% agarose gels, and subsequent sequencing at Microsynth AG (Balgach, Switzerland). All primers were synthesized at Microsynth. The sequences of the oligonucleotides used for the synthesis and sequencing of the dmyc cDNA ends are indicated in Supplemental Table 1 .
Generation of J8.3, J8.4, and J8. 5 
LacZ reporter strains
The approximately 1 kb insert for the reporter construct J8.4 is derived from the genomic sequences in pC-RP27 and the 2 kb J8.5 promoter fragment from the genomic sequences in pJ8.
14 Each insert was subcloned either into pCaSpeR-NLSlacZ and/or into the site specific pattB-temp del LoxP reporter plasmid. The original vector pUAST-attB was engineered to remove the 5 × UAS-hsp70 and LoxP site sequences, followed by self-ligation to obtain the ready to use pattB-temp del LoxP transforming vector. The promoter in the transgene J8.4 contains multiple conserved sequence block regions, just upstream of the DPE element in the dmyc intron 2. The insert in transgene J8.5 is approximately 2 kb in size; it is derived from the 3′ end of the dmyc large intron. For the creation of J8.4 promoter, pC-RP27 served as the template, the amplified fragment was 2601 bp in size, and the amplifying primers had the names In2E-FNot and In2E-R-Asp (primers 9 and 10 in Supplemental Table 1 ). For the creation of the J8.5 insert, J8 served as the template, the amplified fragment was 2662 bp in size, and the amplifying primers had the names pDPE-F and pDPE-R (primers 11 and 12 in Supplemental Table 1 ). Polymerase chain reaction conditions in the thermal cycler were one cycle of initial denaturation at 98 °C for 30 seconds; 30 cycles of denaturation at 98 °C for 10 seconds, annealing at 62 °C for 30 seconds for the J8.4 insert, annealing at 57 °C for 30 seconds for the J8.5 insert, and extension at 72 °C for 2 minutes; and one final extension cycle at 72 °C for 5 minutes, held at 4 °C. The upper primer introduced a NotI site at the 5′ end and the lower primer an Acc65I restriction site at the 3′ end of each amplified product. The polymerase chain reaction fragments were each separately digested with NotI/Acc65I and run on 1.5% agarose gel to isolate the 0.93 kb insert of J8.4 and the 2 kb J8.5 promoter. The isolated fragments were each subcloned separately in 5′ NotI-Acc65I 3′ linearized, dephosphorylated (CIAP, Roche Diagnostics, Indianapolis, IN) pCaSpeR4-NLSlacZ and pattBtemp del LoxP vectors in front of reporter lacZ in order to obtain the transgenes J8.4 and J8.5. The promoter fragment of J8.4 was fused inframe to the promoter of J8.5 in the J8.5 transgene to obtain the construct J8.3. Reporters J8.3 to J8.5 terminate transcription by the SV40 poly (A) signal.
All intermediate plasmid constructs, engineered transforming vectors, and transgenes were sequenced by Microsynth (Balgach, Switzerland). Except for the standard primers that were provided by Microsynth, all other oligonucleotides and sequencing primers were designed using the software tool DNASTAR Lasergene 9.1 (module: Primer Select) and synthesized at Microsynth. All oligonucleotides for polymerase chain reactions and sequencing primers are listed in Supplemental Table 1 .
Each reporter transgene was transfected into electrocompetent Max DH10B Escherichia coli cells (Invitrogen). Plasmid DNA for injection was isolated using a Qiagen large construct kit. The amplified inserts were fully sequenced and each plasmid was sequenced at the distal and proximal sites of the dmyc promoter sequences before injection. For the reporter studies based on random P-element insertion, embryos from genotype y [1] w[1118] were used; for the studies with the phage ΦC31 integrase transgenesis system, we used embryos from fly lines carrying different attP attachment sites. Both strains were from Bloomington Stock Center (Bloomington, IN). The attP fly stocks used in this study are listed in Supplemental Table 2 .
X-Gal reaction assays and immunoblotting
For each construct, 6 to 10 independent transgenic lines were dissected and X-Gal staining was performed at standardized reaction conditions. 21 The incubation temperature for different tissues was as follows: discs 29 °C; embryos 37 °C; and ovaries at room temperature. For each construct, a representative disc, brain, embryo, and ovary was chosen for presentation. dpp-lacZ fly stock (gifted by Dragan Gligorov, Karch's laboratory) was used as a positive control, while y [1] 
Reverse transcriptase polymerase chain reaction analysis
Total RNA was isolated from the sample brain, disc, and ovary (Fig. 5K , T, U and Z) using an aMResco phenol-free total RNA purification kit (Code N788 kit) with RNase-free DNase treatment (Promega, Basel, Switzerland) following the manufacturer's protocol. Total RNA (1 µg) was reverse transcribed into cDNA in a reaction volume of 30 µL using SuperScript™ III reverse transcriptase oligo(dT) 20 primers and reverse transcription reagents from Invitrogen (Carlsbad, CA). Semi-quantitative polymerase chain reactions were performed on the resulting cDNA using a high fidelity Phusion DNA polymerase kit (Finnzymes, Bioconcept, Switzerland). The polymerase chain reaction conditions in the thermal cycler were as follows: one cycle of initial denaturation at 98 °C for 30 seconds; 30 cycles denaturation at 98 °C for 20 seconds, annealing at 57.2 °C for 30 seconds, and extension at 72 °C for 2 minutes; and one cycle final extension at 72 °C for 4 minutes, held at 4 °C. The polymerase chain reactions, 5 µL per lane, were run on 1.5% agarose gel for 100 minutes at a voltage of 120 V.
Results
Analysis of the dmyc exon1 cDNA end reveals that the TATA box1 is utilized for the production of the transcript 5´ RACE controls 5´ RACE products Figure 1 . extension of the dmyc cDNA at its 5′ end. notes: Polymerase chain reaction amplification of the dmyc cDNA 5′ end was performed with the forward primer UPM and the reverse primer GSP-N01; two different settings of annealing and extension temperatures were used (see Materials and Methods). Sequences for the oligonucleotides are listed in Table S1 . Abbreviations: TFR, Transferrin Receptor; UPM, Universal Primer Mix; GSP-N01, Gene Specific Primer N-term.
tate studies requiring RNA. One of the positive impacts is to increase the stability of the RNA and enhance its ability for the synthesis of the first strand cDNA. 22, 23 In addition to poly (A)-tailing, it is well known that the addition of an oligonucleotide to the 5′ end of the mRNA before reverse transcription reaction ensures generation of a full-length cDNA. 24 Consequently, the stable and 5′ end extended RNA molecule provides a tool for capturing most of its 5′ end, which helps to identify potential cis-acting regulatory elements and the existence of one or more transcription initiation sites. 24 Analysis of the amplified dmyc cDNA (Fig. 1) revealed that transcription of dmyc RNA is most likely to be initiated with an A nucleotide ( Fig. 2, Fig. S1 ). The A residue at the beginning of dmyc cDNA, 24 nucleotides downstream of TATA box1 ( Fig. 2) , appears to be a potential candidate that precedes the cap structure at the 5′ end of the transcript. Investigation of cap structure in eukaryotic mRNAs has shown that in most RNAs the 7-methyl Guanine is linked through a 5′ to 5′ bond and three phosphate molecules to an A or G residue to be transcribed as first nucleotide. 49 The GC box1 (5′-GCGCGGC-3′, SP1 binding site), TATA box1 (5′-AAATTTTATTTAA-3′), and the Initiator 1 element (5′-CTATTTCT-3′) may serve as basal promoter elements in this region (Fig. 2) .
Evidence for the usage of above core promoter elements for the dmyc transcription initiation comes from the fact that the insertion of the P-element P{lacW} in the enhancer trap line w 67c23 P{lacW} dm G0354 (Fig. 3A) causes the affected allele to be lethal. 18, 25 The P-element P{lacW} is inserted into the endogenous dmyc promoter 20 and presumably disrupts transcription. This phenomenon is not unusual for random P-element mutagenesis. Analysis of the insertion . 5′ RACe analysis of dmyc cDNA at its 5′ site detects TATA box1 as main promoter region. dmyc genomic organization is shown at the top (not drawn to scale). notes: Gene specific primer GSP-N01 (blue arrow) was used to amplify the dmyc cDNA 5′ end and the sequencing primer (black arrow) was used to sequence the dmyc cDNA end. (The UPM forward amplification primer and the UPM-sh the forward sequencing primer are not plotted). The 5′ end sequence of the dmyc cDNA is shown at the bottom. The sequenced portion of the cDNA 5′ end is highlighted in magenta and the first transcribed nucleotide is in green. For the sequencing chromatogram, see Figure S1 . Sequences for the oligonucleotides are listed in Table S1 . Figure 3 . insertion of the P-element P{lacW} at the TATA box1 region of the dmyc gene is lethal. notes: insertion site of the reporter lacZ P-element (10.3 kb in size) at the dmyc locus is shown. Breakpoints of the insertion are as follows: 3D2, X:3267141..3267197, which maps to the region 213 nucleotides upstream of dmyc exon1 start site. insertion of the P-element P{lacW} causes deletion of 56 base pairs (red highlight), including GC box1 and TATA box1, at the breakpoint of insertion. A residue (green highlight adjacent to the breakpoint) was shown to be the first transcribed base (Fig. 2 ) that favors capping of the dmyc mRNA.
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breakpoint revealed that the P-element insertion leads to loss of 56 nucleotides in this region, including TATA box1 and GC box1. These results show that dmyc transcription may be initiated 24 bases downstream of TATA box1, an A residue at this locus being the first base to be transcribed. It further emphasizes that the immediate upstream elements in this region act as basal promoter elements for the assembly of general transcription factors to build a pre-initiation/initiation complex. The exact sequence of each regulatory element and experimental identification of binding factors to these elements remains unresolved.
Identification of splicing signals in the dmyc transcript
In eukaryotic pre-mRNA molecules, the noncoding intronic sequences are removed through different splice mechanisms and the protein-coding regions are ligated. 26, 27 The major recognition signals required for splicing involve the cis-regulatory elements 5′ and 3′ splice sites, branchpoint sequence, and the polypyrimidine tract. 28, 29 Interaction of specific factors and RNAs with these cis-elements stepwise catalyze the formation of the spliceosome that, via two transesterification reactions, removes the intervening sequences and ligates the exons. 30, 31 We first sought to perform 5′ RACE analysis with two gene specific primers (GSP-C05 and GSP-C06) that hybridize to the C-terminus exon and extend the dmyc mRNA from its 3′ end towards 5′ site (Fig. 4) . Sequence analyses of intron ends confirmed that the first two nucleotides are GT, whereas the last two bases are AG (Fig. 4) . We hypothesized that like many eukaryotic mRNAs, the GU/AG nucleotide pairs should not appear in mature mRNA. Indeed, after RACE analysis of the different lengths of the dmyc cDNA ends, we did not observe the GU/AG nucleotides in the mRNA; instead we observed the ligation of the 3′ end of each upstream exon to the 5′ end of the following exon in the splice junctions (Fig. 4, Fig. S2 ). From this result we conclude that the splicing of the dmyc largest transcript is constitutively regulated by ligating each upstream exon to its neighboring downstream exon. Furthermore, we showed that all three exons were detected in the transcript. This observation suggests that the exon1, despite its noncoding characteristic, might contain important translational signals for the synthesis of the dmyc protein. It would be of great interest to characterize putative "weak cissplicing elements" such as exon splicing enhancers and silencers, 32 which may play a role in the dmyc RNA splicing. In adult Drosophila RNA mixture we could not detect a smaller transcript that could emerge through alternative splicing or transcription initiation from a downstream promoter. Investigations for the existence of shorter transcript variants in early developmental stages remain unresolved.
dmyc large intron requires Downstream Promoter element (DPe) and the binding sites cluster for its developmental patterning
In the early stages of animal development, dmyc expression is highly dynamic and is required to ensure both cell growth and size, but also cell proliferation at the right time and at the right place. 8, 9 Expression pattern of the lacZ reporter in the dmyc-lacZ enhancer trap line w 67c23 P{lacW}dm G0354 /FM7c (Fig. 5A ) has been shown to be comparable to the endogenous patterning of dmyc. 14, 18, 19, 33 In the third instar larval brain, dmyc is active in the lobes, ventral ganglion, and a limited number of cells in both halves of hemispheres and ventral ganglion (Fig. 5B) . In the wing disc, lacZ activity, representing dmyc mRNA, is mainly detected around the wing pouch and in the notum, in the eye imaginal tissue, in proliferative zones anterior and posterior to morphogenetic furrow, around the center of antennal disc, and in the leg disc around the center . 5′ RACe analysis of the dmyc cDNA ends detects splice junctions of the transcript. notes: dmyc genomic organization (not drawn to scale) with the nucleotides at the exon/intron junctions are shown in green and red. Gel picture shows polymerase chain reaction amplification products of the dmyc cDNA with the gene specific reverse primers GSP-C05 and GSP-C06. For all of the amplification reactions, the Universal Primer Mix (UPM, Clontech) was used as forward primer.
of the disc (Fig. 5C-E) . In the early embryo, maternal transcripts are detectable; later, during germ band extension, dmyc intensifies in the mesoderm, mid-gut, pharynx, and anal pad (Fig. 5F-I ). In the ovary, dmyc activity is predominantly detected in the nurse cells and oocyte (Fig. 5J) .
In a previous analysis we have shown that the dmyc large intron can drive expression of a lacZ reporter during the early stages of development, 14 as is the case for most developmentally regulated introns in the Drosophila transcriptome. [34] [35] [36] We have examined the full length large intron and its deletion construct that contains the 6 kb downstream sequences (J8 and J8.2 in Fig. 5A) ; it was shown that J8 and J8.2 transgenes express lacZ similar to the endogenous dmyc patterning in larval brain and imaginal discs (Fig. 5K-N) , in embryos and ovaries (Fig. 5O-S) . To gain more insight into the dmyc regulation from this downstream regulatory region, we dissected J8.2 truncation into its cluster of binding sites region and the downstream sequences, including the DPE element (J8.4 and J8.5 transgenes in Fig. 5A ), and tested each separately during Drosophila development. In β-gal assays for lacZ expression, under control of each of Gene Regulation and Systems Biology 2013:7 P{lacW}dm G0354 /FM7c at the 5′ end of the dmyc gene is depicted. (B-J) in the wild type dmyc-lacZ enhancer trap line, lacZ patterning reflects the pattern reported for the dmyc endogenous mRNA distribution (B, brain; c, wing disc; D, eye disc; e, leg disc). (F-I) in the embryos, lacZ is expressed with high similarities to dmyc mRNA distribution, predominantly in the midgut, hindgut, pharynx, anal pad, and partly in the mesodermal tissue (embryo stages are as follows: F, G, 5-9; H, I, 12-16). The staining in the ovary (J) reflects the dmyc mRNA localization, which has been reported in nurse cells and oocyte, but is weakly expressed at the tip of the germarium. (K-s) The J8 and J8.2 transgenes retain normal patterning of the dmyc in the brain and discs (K-n), throughout different stages of embryogenesis (O-R embryo stages: O, p, 5-9; Q, R, 9-13), and in the ovary (s). (T-Z) J8.4 and the J8.5 transgenes fail to express lacZ in the larval brain and discs (T-W), in the embryos (X-Y' embryo stages: X, 2-6; X', Y, 9-12; Y', [13] [14] [15] [16] , and in the ovary (Z). (Z') Reverse transcriptase polymerase chain reaction on J8.4 brain and ovary (shown in T, Z) and J8.5 disc (shown in U) detects no lacZ transcripts beyond background level. Controls used were as follows: -RT, negative control with no transcriptase (brain from K); p, K, positive control; n, y [1] w[1118] leg discs, negative control; actin, Drosophila actin as internal control. notes: The yellow arrow indicates lacZ expression and the white arrow indicates lack of lacZ activity. Staining time for discs and ovary is indicated above the scale bar; embryos were stained overnight. Scale bar in (B-Z) indicates 50 µm. these elements, no activity was detectable beyond basal levels in larval imaginal tissues, embryos, and adult Drosophila ovaries ( (Fig. 5T-Z) . Reverse transcription polymerase chain reaction on the discs and ovary shown in Figure 5T , U, and Z did not detect any lacZ transcripts beyond background level in these tissues that were negative for lacZ staining (Fig. 5Z') . We further isolated protein extracts from the ovarian tissues of transgenic animals carrying either the largest construct J8 or the 3′ end deletion, J8.5 transgene (Fig. 6A) , and tested them for the existence of lacZ protein (Fig. 6B) . As expected, the immunoblotting assay was positive for the full length J8 fragment, but was negative for the J8.5 extracts (Fig. 6B, b) . This result is consistent with the β-gal assays for the detection of lacZ protein in the ovaries (Fig. 6B, g, h ) that is representative of dmyc mRNA distribution. To confirm these findings, we combined the promoters of the J8.4/J8.5 transgenes in the truncation J8.3 to exclude any other regions within the J8/J8.2 (Fig. 7A) . The transgene J8.3 recapitulates the intron 2 activity (Fig. 7B-J) , suggesting that the enhancer region with the predicted E-boxes and conserved sequence blocks 14 and the downstream promoter element are required for the activity from this region. Investigation of the transcription start site from the regulatory unit in this region remains to be done.
5´-------------------------------------------------------dmyc locus ---------------------------------------------------------------

Discussion
Tight regulation of c-myc transcription is essential for its appropriate function during animal development 37 as deregulation of c-myc is associated with malignant transformation in humans. 7, 38, 39 myc is linked to major processes in cell physiological behavior such as proliferation, growth, differentiation, apoptosis, and metabolism. 9, 40, 41 In turn, the involved pathways signal back to fine tune the controlled expression of myc. 40, 42 A large body of evidence suggests that one mechanism for c-myc promoter regulation involves the presence of multiple transcription initiation sites in the noncoding regulatory region of the gene. 10 We suggested that the sole Drosophila homolog of the c-myc gene, dmyc, initiates its transcription from multiple start sites. 14 In the study reported here, we have investigated the initiation site of the P1 promoter in the 5′ UTR region, the splice signals of the transcript, and have dissected the intronic promoter to gain more insight into the dmyc regulation that is responsible for its patterned expression in development. First, using a gene specific primer that hybridizes to dmyc exon1, we performed 5′ RACE experiments to synthesize the 5′ portion of the dmyc cDNA that subsequently served as template to amplify the fragment. Our results indicate that only one initiation site is detectable in this region, and the core promoter consists of GC box1, TATA box1, and Inr1. This observation confirms our former computational prediction of the above regulatory elements in the 5′ UTR.
14 Examination of a dmyc haplo-lethal fly stock (w 67c23 P{lacW}dm G0354 /FM7c; Bloomington Stock Number 11981) showed that the insertion point of the Figure 8 . Major splice cis-elements and mechanism of the dmyc RNA splicing. (A) dmyc genomic organization (not drawn to scale) with the nucleotides at the 5′ splice donor and 3′ splice acceptor sites (GT/AG), are shown on top. Splicing cis-elements of the dmyc RNA are shown below and include the following: 5′ and 3′ splice signals (GU/AG), branchpoint consensus sequence, and a polypyrimidine tract located adjacent to the AG sequence at the 3′ end of each intron. (B) dmyc RNA splicing is regulated constitutively, following the strict GU/AG splicing rules and includes the ligation of each upstream exon to its adjacent downstream exon. The A residue (branchpoint) within the branchpoint consensus sequence participates in the formation of the ester bond between the 5′ phosphate of the intron and the 2′ oxygen of the branchpoint A residue. notes: The second transesterification reaction between the free 3′ oxygen of the upstream exon and the 5′ phosphate of the downstream exon initiates the joining of the exons together and the excision of the intron as a lariat. The exon/exon splice junctions in the mRNA molecule are indicated at the bottom. 20 into the P1 promoter is downstream of the TATA box1 elements and it has broken away 56 bp of the TATA region, including the two elements GC box1 and the TATA box1. The insertion of the P-element and loss of TATA sequences presumably disrupts transcription since these elements are crucial for the assembly of pre-initiation complex (PIC) 43, 44 and subsequent recruitment of RNA Pol II to the PIC. Consequently, the affected copy of the dmyc gene has become nonfunctional. Furthermore, the finding is consistent with the fact that most eukaryotic promoters consist of a TFIIB Recognition Element (BRE, immediately upstream of TATA box), a TATA box, and an initiator element that is located 25 to 30 bp downstream of the TATA box. 45 It has been shown that the largest and secondlargest subunits of RNAP II interact with approximately 50 bp DNA sequences in the promoter region, including sequences upstream and downstream of the transcription start. 46 The number and the relative distance of the core promoter elements appear to be appropriate to confer dmyc-as immediate early gene-with strength for the action of its promoter. This work provides a starting point for investigating the exact sequences of each element and the assembly of general transcription machinery.
P-element P{lacW}
In higher eukaryotes, the removal of introns from pre-mRNA molecules is mediated through a complex process that involves many factors. The splice ciselements participate in two trans-esterification reactions performed by a complex structure known as spliceosome; these reactions have the effect of removing the introns and joining the exons together. 29, 47, 48 Indeed, analysis of the dmyc full length cDNA for major splice signals in the transcript revealed that, like virtually all eukaryotic introns, dmyc introns include 5′ and 3′ end splice signals, a branch point consensus sequence, and a polypyrimidne tract located adjacent to the AG sequence within each intron (Fig. 8A) . The branchpoint consensus sequence in Drosophila resembles 5′ CTAAT 3′ and occasionally 5′ TTAAT 3′; in both cases, branch formation occurs at the underlined A, the branchpoint. 28 The consensus sequence is present in intron 2, whereas intron 1 contains the less conserved sequence (Fig. 8A) . Sequencing of the amplified cDNA ends showed that the dmyc introns are spliced out at the 5′-GU/3′-AG sites by a constitutively regulated splicing mechanism, which includes the accomplishment of two trans-esterification reactions. Consequently, exon1 is ligated to exon2, and exon2 to exon3, so that the full length mRNA contains all three exons. Indeed, the dmyc protein is 717 amino acids, while c-myc is about 439 amino acids; both proteins contain domains that are required for myc function. 13 In our current study, we have shown the splice mechanism for the full length dmyc transcript by considering main splice cis-elements. However, we cannot rule out the possibility that alternative splicing during early stages of development may produce shorter transcripts. The knowledge obtained here can serve as a base for studying the detailed mechanism of splicing, including the identification of splice trans-factors and putative weak splice cisfactors such as exon splice enhancers and exon splice silencers.
We had previously indicated that the full length intron 2 and its truncation, missing the 2 kb upstream sequences, are still active in dmyc patterning. However, the region of multiple conserved sequence blocks and E-boxes, or the 2 kb sequences at the 3′ end of the intron 2 which contains the downstream promoter, each separately abrogates the intronic activity in virtually all the examined tissues. In light of this finding, analysis of RNA extracts taken from Drosophila ovary or embryonic tissues for the identification of a shorter form of dmyc transcript, will be of great interest. The knowledge gained here, combined with further molecular genetic approaches, will serve for further understanding of the tight regulation of dmyc at transcriptional level.
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. Sanger sequencing of the PCR products derived from rapid amplification of the dmyc cDNA at its 5′ end. notes: Chromatogram on the top: Sequencing of the amplification product with the GSP-N01, hybridizing to the 5′ end of exon1 (see Fig. 2 ). The forward sequencing primer is UPM-sh. except an A residue upstream of the inr1, no further exact base pair matching to the dmyc genomic template strand could be sequenced (red highlight on the chromatogram). The extended region with mismatch is due to the ligation of an oligonucleotide to the 5′ end of the RACE cDNA to ensure capturing of the transcript's start site. Chromatogram at the bottom: The GSP-N01 amplification product was sequenced with the reverse sequencing primers exn1-R2 and exn1-R3 to obtain the readout of the sequences downstream of the known eSTGM01143. The PCR products were sequenced at Microsynth AG, Balgach, Switzerland. . Positive and negative controls for lacZ staining. For each lacZ staining of transgenes negative and positive control staining was performed. As negative control different tissues were taken from the "y w" and "attp-flies" listed in Table 2 . dpp-lacZ flies served as source for positive control. Depicted are negative controls (A-M) and positive controls (n-T), (A, B, n, brain; c-H, O-Q, discs; I-L, R, s, embryos; and M, T, ovaries). notes: Staining times for the discs and ovaries are indicated above the scale bars. embryo staining took place overnight. Scale bar in (A-T) indicates 50 µm.
